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Mineral replacement is a common phenomenon in a wide range of geological environ-
ments. Metasomatism, metamorphism, weathering, diagenesis and fossilization are
examples of processes that can involve the replacement of one or more minerals associ-
ated with extensive chemical change. Such replacements are very often pseudomorphic.
At relatively low temperatures such as those at the surface or within the upper part of the
Earth’s crust, where solid-state diffusion can be considered negligible, mineral replace-
ment is the result of interface-coupled dissolution-precipitation reactions, driven by the
interplay between the degrees of saturation of natural fluids with respect to different
mineral phases. These reactions can play an important role in the mobilization and
partitioning of elements. Mineral replacement is accompanied by the generation of
porosity, which provides a pathway for the penetration of the fluid within the original
parent mineral and facilitates mass transport. This chapter highlights the importance
of dissolution-precipitation mineral replacements for element mobilization and ion par-
titioning in the Earth by presenting and discussing both experimental models and
examples of natural processes, development of which can involve significant chemical
change, such as during serpentinization and bone fossilization.
1. Introduction
Whenever minerals are in contact with aqueous fluids, reactions take place in an attempt
to reach a new equilibrium. Aqueous fluids are ubiquitous in the crust of the Earth and
so minerals are constantly re-equilibrating. There are several possibilities for this
equilibration:
(1) The mineral may dissolve into the fluid phase. If the resultant fluid is undersatu-
rated with respect to all possible mineral phases, the mineral will continue to
dissolve, e.g. this occurs extensively during limestone weathering to result in
holes and caves in the rock.
(2) However, if the fluid becomes supersaturated with respect to another mineral
phase, then this mineral may precipitate, e.g. the infilling of veins with phases,
such as quartz, calcite, zeolites, different from the parent rock.
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fluid, coupled with precipitation of a new solid phase. The main features of such a
coupled dissolution-precipitation mechanism are:
(1) the dissolution of the parent solid in a fluid layer at the mineral interface, such that
this boundary fluid layer becomes saturated with respect to another phase (or
phases), which can then immediately/simultaneously precipitate as the new
product solid mineral phase;
(2) the generation of porosity in the product phase which is less soluble in the fluid at
the interface than the parent phase;
(3) the movement of the fluid phase through the generated porosity within the product
up to the interface between parent and product minerals.
The replacement reaction takes place at an interface that moves continuously within
the mineral. The rate of replacement depends on the rates of dissolution and precipi-
tation as well as the diffusion of elements within the aqueous fluid to and from the reac-
tion interface. Porosity provides a pathway for mass transport and hence, element
mobilization.
The main observation is that by a careful analysis of textural and compositional
characteristics, valuable information about the past history of a mineral can be col-
lected, as well as elucidating possible element exchanges between solid mineral and
aqueous fluid phases. As soon as minerals form or crystallize in a given environment
of temperature, pressure and chemistry, they begin to undergo changes or re-equilibrate
in response to changes in the physical and chemical surrounding conditions. The
examples illustrated here show that it is possible to retain external form and crystallo-
graphic information, while the chemical composition is completely changed, that is,
a pseudomorphic replacement. During this process elements may be mobilized into
solution while others are precipitated from solution into a new mineral replacement.
Therefore coupled dissolution-precipitation is a mechanism whereby element mobiliz-
ation effectively partitions elements into new mineral phases. This mechanism is likely
to be relevant in the Earth whenever one mineral is pseudomorphically replaced
by another.
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